To review preventive studies of disruptive behaviour disorders (DBDs) in light of recent empirical knowledge on their development.
C hildren's DBDs, which include ODD, CD, and ADHD, are a significant burden to children, their families, and society in general because of their prevalence, lifespan consequences, and economic costs. Symptoms of DBD are among the most common reasons for which children are referred to mental health specialists. [1] [2] [3] [4] These symptoms (especially ADHD and CD) are associated with lower global functioning and have been shown to increase risk for numerous adjustment problems during adolescence and adulthood, such as academic failure, substance abuse, risky sexual behaviour, and antisocial behaviour. [5] [6] [7] [8] [9] [10] [11] [12] [13] A person showing the most severe of these outcomes-dropping out of school, heavy drug use, and a criminal career-is estimated to incur costs between 1.7 and 2.3 million dollars in the United States. 14 Thus the prevention of DBDs can potentially reduce not only the child's and their family's suffering but also substantial public costs.
The essential feature of ODD, as described by DSM-IV, 15 is a persistent pattern of negativistic, hostile, and defiant behaviour, which includes overt disruptiveness and disregard for rules (for example, argues, refuses to comply, and blames others) and emotional dysregulation (for example, touchy and loses temper). CD is described as a persistent pattern of behaviour in which the rights of others and age-appropriate social norms are violated. It includes acts of physical aggression, destruction of property, deceitfulness or theft, and breaking major school or home rules. 15 Finally, ADHD is characterized by age-inappropriate hyperactive and impulsive behaviour (for example, fidgets and difficulty waiting one's turn) and inattention (for example, easily distracted and difficulty sustaining attention, difficulty organizing tasks). 15 There is substantial comorbidity between the DBD symptoms from early childhood onward, [16] [17] [18] [19] and strong overlap between their early family risk factors. [20] [21] [22] [23] Therefore, in our review, we examine the prevention of all 3 DBDs.
We use the definition of prevention adopted in the Institute of Medicine report 24 on the prevention of mental disorders, that is, interventions that occur before the initial onset of a clinically diagnosable disorder. Preventive interventions can be categorized based on the target population.
Universal preventive interventions are delivered to all
people in a particular community, setting, or geographical area (for example, all kindergarten children in a given territory).
2. Selective preventive interventions are targeted to subgroups or populations at higher risk than average, identified with characteristics lying outside of the person (for example, low income).
3. Indicated preventive interventions are targeted to people with minimal but detectable signs or symptoms of a disorder (for example, mild disruptive behaviour), or biological markers of the disorder, but who do not currently meet diagnostic criteria for the disorder. 24 To determine the optimal timing, target population, and focus of preventive interventions, we need to have a clear definition of the onset of the disorders to be prevented, 25, 26 and knowledge about their risk factors and precursor symptoms. Thus we review research evidence on the onset of ODD, CD, and ADHD, their precursor symptoms, and early risk factors, before reviewing relevant preventive interventions.
The Age of Onset of DBDs
Although ADHD and ODD are typically diagnosed in the early elementary school years, and CD is usually diagnosed in early adolescence, 27 accumulating evidence indicates that some young children meet diagnostic criteria for ADHD, ODD, and even CD. A recent review of studies on community or primary care samples of children aged 2 to 5 years concluded that the proportion of young children who met DSM diagnostic criteria ranged between 2% and 6% for ADHD, between 4% and 8% for ODD, and between 0% and 4% for CD. 28 Young children referred to mental health clinics for DBD symptoms show significant impairment both in the home and in daycare and (or) preschool contexts, 29, 30 especially when they meet diagnostic criteria for more than one diagnosis among ADHD, ODD, and CD. 17 Young children with DBDs are also likely to meet diagnostic criteria for one or more of these disorders in subsequent years. 31, 32 Families are increasingly offered treatment for their young children's DBDs, as indicated by the rising number of children aged 2 to 4 years who are prescribed methylphenidate, 4, 33 and by the recent studies of psychosocial interventions for families with children aged only 3 years. [34] [35] [36] Clearly, prevention of the earliest and potentially most chronic cases of DBD needs to start before children are aged 3 years.
The Precursor Symptoms of DBDs
To map the earliest manifestations of the core DBD symptoms and the course of their individual differences over time, recent longitudinal studies analyzed their developmental trajectories starting as early as the end of the first year of life. Findings on hyperactive-impulsive behaviours reveal individual differences that emerge within the first 2 years of life and remain relatively stable through to school entry (for an example, see Figure 1 ). 20, 21, 37 Trajectories of disregard for rules also remain relatively stable between the age of 2.5 and 7 years, (unpublished observation) and children with the highest levels of oppositional behaviours at the end of the preschool period continue to show much higher levels than their peers until age 18 years. 38 Individual differences in property violations are stable for people between the age of 4 and 18 years, while status violations (for example, truancy and underage drinking) generally increase during adolescence. 38 Trajectories of physical aggression typically increase from the end of the first year after birth to age 3 or 4 years and then decline until adulthood, except for a small group of children whose aggression remains high until mid to late adolescence (for an example, see Figure 2 ). 5, [39] [40] [41] [42] [43] [44] These findings indicate that individual differences in the hyperactivity-impulsivity component of ADHD and on the essential symptoms of ODD and CD (except for status violations) are identifiable in toddlers. Children whose DBD symptoms were highest during these early years continued to have symptoms at markedly higher levels than their peers for as long as they have been followed, sometimes until the end of adolescence. This continuity of the core DBD symptoms reinforces the concept that preventive interventions for these disorders must start very early in children's lives. Further, as frequent and persistent symptoms of physical aggression, disregard for rules, or hyperactive-impulsive behaviour during early childhood are highly comorbid 19 (unpublished observation); identifying toddlers with one type of these symptoms could be an effective way to target children at risk for DBDs more generally.
Risk Factors for Early Chronic DBD Symptoms
The most relevant risk factors for the prevention of DBDs are likely those that can be identified during pregnancy and early infancy and can predict early chronic DBD symptoms. Such risk factors can only be identified in longitudinal studies that assess perinatal factors and measure DBD symptoms repeatedly during the first few years after birth. These studies (including an unpublished observation) are relatively recent but provide a wealth of information on the development and prediction of DBDs. [19] [20] [21] [22] 41, 42, 44 Two large epidemiologic studies from Canada used multivariate analyses to identify the best predictors for high trajectories of physical aggression, 20, 22, 41 hyperactivity, 20, 21 or disregard for rules (unpublished observation) during the first 7 years of life. They identified some risk factors that predicted more than one of these different clusters of symptoms: maternal antisocial behaviour, relatively young age of the mother when she had her first child, smoking during pregnancy, maternal depression shortly after the child's birth, and hostile parenting practices. As expected, male children were also found at higher risk of all 3 types of DBD symptoms. A high physical aggression trajectory was additionally predicted by low income, low maternal education, family dysfunction, and the presence of other young siblings. 20, 22, 41 By identifying the most potent preceding risk factors for chronic DBD symptoms, these studies provide the first essential pieces of information for preventive efforts. To gain more complete knowledge about the role of these risk factors in the development of DBDs, however, they will need to be complemented by other studies that can document genetic and epigenetic mechanisms.
Three longitudinal studies of twins starting early after the children's birth provide initial information about the relative contributions of genetic and environmental factors to the early manifestations and stability of DBDs. They found a significant role for genetic factors in early childhood manifestations of physical aggression, 45 hyperactivity, 46,47 disregard for rules, (unpublished observation) and combined ODD and CD symptoms. 47 Further, they have shown that genetic factors are responsible for most of the stability in early childhood hyperactivity 46 and disregard for rules, (unpublished observation) while genetic and environmental factors would explain the stability of mixed DBD symptoms. 48 Future studies using different designs (for example, studies of adoptees, children of twins, molecular genetics, and epigenetic programming) will be needed to unravel the interplay between genes and environment. Such knowledge would provide a clearer understanding of the role of early risk factors in the development of DBDs, and how they can be used to alter children's DBD trajectories. 49 
How Can Knowledge About Risk Factors be Used for Primary Prevention?
In designing preventive interventions, a given risk factor may be viewed differently depending on whether it has a plausible causal role or not, and whether it is malleable or not. 51 Risk factors that are both plausible causal factors and alterable through intervention should also meet 2 other criteria to be worthy targets of preventive intervention. 52 First, the risk factors should have high attributable risk for the negative outcome; that is, they should have a high enough prevalence and strong enough relation with the negative outcome so that their eradication would prevent a significant proportion of cases with the negative outcome. 52 Second, the targeted risk factors should be easily and accurately identified through screening. 52 Among the early risk factors for DBDs identified above, several are plausible causal factors and, depending on the timing of intervention, may be prevented or treated. Prevention of smoking has proven a good example for the prevention of cancer and cardiovascular problems. 24 It may also be a good strategy for the prevention of DBDs, according to the criteria presented above. Indeed, smoking during pregnancy occurs in more than 20% of Canadian women, has been shown to predict DBDs as well as low birth weight, and is relatively easy to identify through screening. 53 Single risk factors or one-time behavioural precursors of DBDs often reveal poor sensitivity and positive predictive value, and are more powerful when used in combination, or assessed more than once over time. 54, 55 Risk factors outlined above may be used together as selective criteria in targeted intervention with women during pregnancy or shortly after the child's birth.
Preventive Experiments for DBDs
This review focused on interventions implemented before the children were aged 3 years, to minimize the possibility that some children already met diagnostic criteria for ODD, CD, or ADHD when the intervention began. Only studies in which families (or daycare centres) were randomized into intervention and comparison groups were included. Studies had to have assessed DBD outcomes after the intervention and at follow-up, but we did not restrict the assessments to clinical diagnoses because they are very rarely conducted.
Most experiments to prevent DBDs started relatively late after birth and focused on enhancing parenting. The Incredible Years BASIC 56 parent training program was tested as an indicated preventive intervention with middle-income, married parents of children aged 2 years with elevated levels of behaviour problems or difficult temperament. Two experienced master's level psychiatric nurses led parent groups during 10 weekly sessions. They used videotaped vignettes to stimulate group discussion and problem solving around the program objectives (for example, using praise and rewards, setting appropriate limits, and managing misbehaviour), and used homework assignments to encourage generalization in the home setting. The intervention resulted in enhanced parental self-efficacy and parenting behaviour, but had no effect on children's DBD symptoms as rated by their parents or independent observers. 57 The same program was tested with parents and teachers as a selective intervention with children aged 2 or 3 years who attended daycare in low-income communities in Chicago. 48 Eleven daycare centres were randomly assigned to parent training, teacher training, combined parent and teacher training, or wait-list control. Parent and teacher training components were conducted the same way. Groups of parents (or teachers) met at the daycare centre for 12 weekly 2-hour sessions and were each led by 2 nurses (most with graduate degrees). Parents who participated in parent training showed increased parental self-efficacy and improved parenting practices, most of which were retained after 1 year. DBD symptoms decreased after parent or teacher training, and were prevented from getting worse 1 year later, but only when assessed by teachers, not by parents or independent observers. Effects were not significantly better when both parents and teachers received training. 58 The Family Check-Up is a brief intervention specifically designed for mothers of toddlers. It was evaluated with mothers of boys aged 17 to 29 months presenting at least 2 of the following risk factors: low SES, family problems (that is, maternal depression or substance use), and child conduct problem symptoms. 59 In addition to access to services offered by the US federally funded Women, Infant, and Children Nutritional Supplement Program, available to both groups, families in the intervention group also received 2 counselling sessions with master's level therapists to address parenting concerns, and were offered up to 6 further sessions to address parenting and other contextual issues. At follow-up, when the children were aged 3 and 4 years, those in the intervention group showed lower scores on the CBCL 60 Destructive scale, especially when they were initially evaluated as higher risk owing to low inhibition and (or) maternal depression. However, no effects were observed on the CBCL Aggression scale, which is most relevant to DBDs. 59 In a recent study, a mother-infant interaction intervention was targeted to clinically depressed mothers of children aged between 1 and 12 months. It consisted of 8 to 10 sessions delivered at home by master's level therapists. The intervention focused on enhancing a mother's sensitivity to her child's signals, using video recording to provide feedback about her interactions with her child. Compared with minimal intervention (parenting advice during 3 brief telephone calls), the intervention helped improve the mother-infant relationship up to the 6-month follow-up (maternal sensitivity and structuring, child responsiveness and involvement, and child security of attachment). It also increased infants' socioemotional competence, but had no effect on their behavioural problems. 61 In contrast to the preventive interventions reviewed thus far, the NFP targeted a wide variety of risk factors in addition to parenting, and was implemented earlier and over a longer time period. The NFP serves disadvantaged women with a first pregnancy, starts home visits before the end of the second trimester, and continues these visits until the child is aged 2 years. It aims to improve maternal health-related behaviours during pregnancy (for example, nutrition and use of cigarettes, alcohol, or illegal drugs), increase the mother's social support and use of community resources, foster sensitive parenting behaviour, and support the mother in making decisions likely to affect her future life course (for example, subsequent pregnancies, education, and work). 62 The NFP has been evaluated in 3 RCTs with different target samples in the United States. The first trial was conducted in Elmira, New York, a semi-rural county, with 400 first-time pregnant mothers who were actively selected for young age (younger than 19 years), single-parent status, or low SES (85% of the sample met one of these selection criteria). At the last published follow-up of the Elmira study, children were aged 15 years. 63 The second trial was conducted through an existing health department serving low-income, mostly African-American families in Memphis, Tennessee, and included 1135 pregnant women selected for being unmarried, not having finished high school, or being unemployed. Families have now been followed up to the child's ninth year of age. 64 Finally, 735 low-income pregnant mothers in Denver, Colorado, were randomly assigned to receive regular developmental screening and referral (control condition), home visits by paraprofessionals, or home visits by nurses, and have been followed up to the child's fourth year of age. 65 The NFP program helped reduce several of the early risk factors identified previously. During pregnancy, visited mothers in the Elmira and Denver settings, where smoking rates were highest at recruitment, significantly reduced their smoking.
In at least 2 of the trials, nurse-visited mothers were more likely to use community resources and had fewer health problems during pregnancy. In the next few years after the child's birth, mothers visited by nurses postponed subsequent pregnancies and had increased employment, less reliance on welfare, and were more often living with the child's father. [66] [67] [68] Mothers' parenting behaviour was generally improved as a result of the intervention, although not consistently across participants or conditions. In the Elmira study, home visits helped mothers reduce punishing or restrictive behaviour towards their infants, but only among those who were teenaged and unmarried, and had low income. 69 In the Denver study, nurse-visited mothers were more responsive towards their infants, but the effect only approached significance when the child was aged 4 years. Mothers visited by paraprofessionals, on the other hand, were significantly more responsive towards their child at age 4 years, but during infancy this effect was only found among those with lower psychological resources. 67 Across the 3 RCTs, visited mothers provided an environment that was safer and more conducive to their children's learning and development. Children of nurse-visited mothers had fewer hospital visits for injuries or ingestions in early childhood and, during 15 years in the Elmira study, had fewer verified cases of abuse or neglect. 62 These results contrast with those obtained with families already involved with the child welfare system, where an intensive home visiting program failed to prevent recurrence of abuse or neglect, thus suggesting that preventive interventions of child maltreatment need to be implemented before its onset. 70 Significant effects of the NFP were observed on child language, intellectual functioning, executive functioning, and behaviour regulation, especially among children whose mothers had lower psychological resources. 64, 65, 71 In the Elmira trial, certain results suggest that the intervention might have compensated for some of the risks associated with prenatal smoking. Children born to nurse-visited mothers who smoked during pregnancy were less likely to be born prematurely, to have an irritable temperament, and to have a lower IQ score at age 4 years, compared with their nonvisited counterparts. 72 Childhood Disruptive Behaviour Disorders: Review of Their Origin, Development, and Prevention
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Discussion
The studies reviewed above demonstrate generally positive short-term effects on parenting behaviour for interventions delivered to parents selected on the basis of various risk factors (socioeconomic disadvantage, young and single motherhood, and maternal depression) or with children who show precursors of DBDs. Although infants' responsiveness to their mothers improved as a result of some of the interventions, preventive effects on children's disruptive behaviour problems were weak, often observed only for child behaviour in the preschool context. It is possible that more consistent effects of preventive parental interventions may appear for the children's behaviour as they age, but the short follow-up periods used in the studies we reviewed make it impossible to evaluate this possibility.
By focusing almost exclusively on improving parenting behaviour in at-risk families, preventive intervention research has underused knowledge about other risk factors that may be detected earlier in the family's life course. The notable exception is the NFP research program, which demonstrated that targeting a wide variety of risk factors, including health-related behaviours during pregnancy, maternal social support, life-course decisions, and early parenting behaviour can be effective in reducing some risk factors (for example, maternal smoking during pregnancy and child maltreatment) and improving important outcomes in the long term for the most at-risk families (for example, child cognitive functioning and adolescent legal problems). However, while the NFP research findings suggest that early, intensive, and extended support to at-risk families can reduce some of the most serious long-term consequences of DBDs (for example, arrests and convictions), they also suggest that such support is insufficient to reduce childhood DBDs more generally. Thus it may be necessary to start intervening even earlier in the family life course, and to add other preventive approaches such as high-quality preschool education as early as possible after birth. 73 A recent longitudinal study showed that children born to a mother with low education were less likely to engage in chronic physical aggression during early childhood when they were enrolled in nonmaternal care services, especially when these services were initiated before 9 months of age. 40 Preschool education, when implemented with disadvantaged children aged 3 years, has also shown small positive results in reducing hyperactive behaviour. 74 Given the risk attributable to the mothers' young age at first birth, it would be important to examine the effects of preventing teenage pregnancy on the behaviour problems of the targeted female adolescents' future offspring. So far, interventions to prevent teenage pregnancy have not included sufficiently long-term follow-up to assess their effects on the future children of the targeted adolescents. 75 While most of the early risk factors for DBDs identified in longitudinal studies were used in preventive experiments as selection criteria, or in some cases as the foci of intervention, an important risk factor, maternal history of antisocial behaviour, was consistently omitted. In light of the important role for genetic factors in DBDs, it is crucial that prevention studies start targeting families selected specifically on the basis of familial risk for these disorders, rather than more general risk factors such as socioeconomic disadvantage.
We suggest that future preventive intervention research adopt a life-course view of prevention, and evaluate the effects of interventions implemented sequentially. Sequential strategies for the prevention of children's DBDs could, for instance: 1. target maternal health-related behaviours during pregnancy;
2. address parenting behaviour at crucial time points during infancy, early childhood, and adolescence;
3. target child social behaviour and cognitive skills in early and middle childhood; and 4. address birth control in early adolescence.
As a first step, existing experimental studies on the prevention of school dropout and teenage pregnancy could include longer-term follow-up and measures of parenting and child behaviour problems. Treatment studies for children and adolescents with DBDs could also be enhanced with follow-up measures of their later parenting practices and offspring behaviour. Such a strategy would provide tests of the causal chains involving several potentially causal and mediating variables for which empirical knowledge is still at only the risk factor stage. 51 Follow-up studies of preventive interventions generally combine symptoms into global scales. We suggest that more specific measures of children's DBD symptoms be used to assess the potentially differential effects of interventions at different ages. In addition, clinical diagnoses should be assessed as they are important to provide an indication of the clinical significance of the intervention effects. Finally, we suggest the use of data from preventive experiments to test the potential role of mediating factors (for example, reduction in smoking during pregnancy) and to consider genetic risk factors in the evaluation of potential moderators. Advances in the study of epigenetic programming of behaviour have given us tools to assess intervention effects on gene expression and their consequences on behaviour problems. 26, [76] [77] [78] With more extensive knowledge about which interventions work for whom, for what outcomes, and how, we will be in a better position to improve preventive interventions.
Conclusion
Longitudinal studies starting at birth show that ODD, CD, and ADHD symptoms are clearly present during the second year after birth. With age, most children gain relatively adequate control over these impulsive-disruptive behaviours that are characteristic of an immature neurological system. However, children with control problems tend to have been among the most disruptive from the start. Given the current knowledge about the most potent risk factors for disruptive behaviour problems, including genetic risk factors, we believe it will be necessary for the field to adopt a more sequential, multitarget, and intergenerational approach to increase our effectiveness in curbing these early mental health problems that have extremely serious lifelong consequences. We are just starting to understand the complexity of the intergenerational transmission of these problems during pregnancy and early childhood. Psychiatry needs to place much more attention on the origin, early development, and prevention of DBDs if it seriously intends to prevent at-risk children from living a life of misery.
Résumé : Les troubles de comportement perturbateur de l'enfance : une revue de leur origine, de leur développement et de la prévention
Objectif : Examiner les études préventives des troubles de comportement perturbateur (TCP) à la lumière des récentes connaissances empiriques sur leur développement.
Méthode : Nous avons puisé aux résultats des études longitudinales sur les enfants, depuis la petite enfance, pour examiner le début, le développement, et les facteurs de risque des symptômes de TCP. Nous examinons les essais randomisés contrôlés d'interventions préventives offertes aux familles avant que l'enfant ait 3 ans, assortis des mesures de résultat des symptômes de TCP au suivi.
Résultats : Les enfants qui présentent des niveaux élevés de symptômes de TCP commencent à le faire dans les 2 premières années de leur existence, et ont des facteurs de risque identifiables chez la mère durant la grossesse ou même plus tôt, ainsi que peu après la naissance de l'enfant. La plupart des expériences de prévention ont débuté relativement tard après la naissance et ont ciblé le rôle des parents, n'ayant que peu d'effets sur les TCP des enfants. Les expériences de prévention qui ont offert une intervention intensive auprès des mères à risque et qui débutaient durant la grossesse ont démontré des effets importants sur la réduction des principaux facteurs de risque et sur certaines des conséquences les plus graves des TCP. Cependant, même ces expériences n'ont pas réussi à prévenir les TCP dans l'enfance en milieu familial et scolaire.
Conclusions :
Nous suggérons d'adopter une approche séquentielle, multicible, intergénérationnelle, et expérimentale tant pour accroître nos connaissances sur les mécanismes causals que pour améliorer notre efficacité à freiner les TCP et leurs graves conséquences de durée de vie.
